This paper investigates the effects of fiscal policy on economic activity, public finances, welfare, and income distribution in a dynamic general equilibrium model with a unionized labor market. The paper shows that debt-financed increases of public employment, wages of public sector employees, unemployment benefits and labor taxes put pressure on unions' wage claims, leading to higher private sector wages, lower employment, capital and output. In addition, increases of public employment, public wages and unemployment benefits increase workers' utility relative to the pre-policy change equilibrium during the transition, but not in the long-run. Instead, workers' utility decreases at any time horizon when labor taxes increase. Capitalists always benefit from increases in taxes on labor but their welfare decreases when public spending goes up. Finally, the paper investigates the extent to which the way the government balances its budget affects these results.
Introduction
Cross-country differences in the size and composition of the government budget have stimulated a lively debate on the effect of fiscal policy. Quite a large body of evidence has accumulated on the influence of fiscal policy instruments on the macroeconomy while less is known about the distributional effects of changes in the government budget's composition. 1 ing. 3 Finally, theory has largely ignored distributional issues. In fact, the general equilibrium effects of changes in fiscal policy have mostly been addressed in models with a representative agent.
These considerations suggest possible extensions to the existing literature and motivate the present paper. Specifically, the goal of this paper is to extend the work of Ardagna (2001) , Cavallo (2003) , Finn (1998) , and Pappa (2004) to an economy with unionized labor markets and heterogeneous agents and examine the macroeconomic and distributional consequences of changes in a wide set of fiscal instruments. To do so, the paper introduces fiscal policy into the monopoly union model of Maffezzoli (2001) . In particular, the paper focuses on a two sector economy in which private firms produce a homogeneous consumption good using both capital and labor and the government hires public employees to provide public services. The labor market is unionized and heterogenous agents (capitalists, private and public sector employees, and unemployed workers) populate the economy.
The non competitive labor market framework allows to investigate the effect of changes to fiscal policy variables on unions' wage claims and, via the latter, on employment, capital accumulation and output. Alesina and Perotti (1997b) , Daveri and Maffezzoli (1999) and Daveri and Tabellini (2000) provide empirical evidence in favor of the importance of this channel. Maffezzoli (2001) suggests that a monopoly union model better reproduces the Italian business cycle (but not the US one) relatively to the Hansen (1985) and Rogerson and Wright (1988) indivisible labor model. Zanetti (2004) shows that European business cycle statistics are better matched in a unionized labor market model than in a model with a competitive labor market. However, to the best of my knowledge, there is no contribution in the literature that systematically studies the effects of shocks to labor and capital taxes, government purchases of goods, public employment, wages of public employees, and unemployment benefits in a dynamic general equilibrium model with unionized labor markets. This is exactly what this paper does.
Moreover, the presence of heterogeneous agents in the model allows to investigate the distributional and welfare effects due to changes in various types of public spending and taxes.
The paper reaches the following results. First, the benchmark model predicts that a debt-financed increase in government purchases of goods crowds out private consumption and has no effects on the supply-side of the economy as in a standard neoclassical model with inelastic individual labor supply. By contrast, increases in public employment, wages of public sector employees, unemployment benefits, and labor taxes affect output. In response to an increase in each of these variables, unions ask for higher wages. The increase in labor costs decreases employment in the private sector and the rate of return on capital, leading to a decrease in output. Increases in tax rates on capital income also affect negatively capital accumulation and output, but they have no effect on unions wage claims and employment in the private sector.
Second, fiscal policy shocks affect not only income of the various types of agents but also the distribution of workers between the private and public sector and between employment and unemployment. Hence, changes to fiscal policy have a different effect on welfare of the representative capitalist and of each type of worker (private employee, public employee and unemployed workers). Simulations suggest that debt-financed increases in public employment, public wages and unemployment benefits increase workers' utility relative to the pre-policy change equilibrium during the transition, but not in the long-run. Instead, workers' utility decreases at any time horizon when labor taxes increase. Capitalists always benefit from increases in taxes on labor income but their welfare decreases when public spending goes up. Income inequality decreases in the short-run when public employment, wages of public employees and unemployment benefits increase, but the effect switches sign after some years.
The opposite occurs when tax rates on labor income increase. Finally, the paper shows the extent to which these conclusions are sensitive to the assumptions on how the government balances its intertemporal budget constraint.
The rest of the paper is organized as follows. Section 2 presents the benchmark model and the parameters used for the calibration. Section 3 details the response of output, employment, capital, consumption, welfare, income distribution, primary deficit, and public debt to changes in the fiscal policy items discussed above. Section 4 presents some sensitivity analysis and extensions to the benchmark model. The last section concludes.
Benchmark model

The set-up
The model adopts closely the monopoly union setup used in Maffezzoli (2001) , and introduces a government sector and fiscal policy into the picture. The basic features of the economy can be summarized as follows. Infinitely lived individuals, perfectly competitive firms, monopolistic unions, and a government populate a closed economy. Households have perfect foresight and derive their lifetime utility from consumption of privately produced goods. There are N k capitalists and N w workers in the economy. Capitalists own the firms and their source of income is from capital and public bonds. They choose consumption and investment to maximize their utility over an infinite horizon. Workers, instead, consume all their disposable income in each period. They can be employed in the private or public sector or can be unemployed. If employed, workers offer inelastically one unit of labor and receive the wage rate prevailing in each sector. If unemployed, workers receive a subsidy from the government.
Workers are organized in unions. Unions set the wage rate to maximize the present discounted value of their members' expected utility. In the benchmark model, unions operate only in the private sector.
Labor unions are allowed to determine wages of both private and public sector workers in one of the extensions of the model. Firms are perfectly competitive and produce a homogeneous consumption good combining capital and labor with a constant return to scale technology. Technological progress is labor augmenting at the exogenous rate x. 4 Finally, the government purchases final goods from the private sector, hires labor to produce public services, pays unemployment benefits, makes lump-sum transfers and, in the benchmark model, also sets the wage rate of public employees. The government finances its spending requirements by taxing labor and capital and by issuing debt. Public services may affect the productivity of capital and labor employed in the private sector.
The household
The representative capitalist maximizes the following intertemporal utility function
subject to his budget constraint and the equation for the capital accumulation.
4 X t+1 = X t x where X is the state of the technology and x its gross rate of growth. The assumption of labor augmenting technological progress and the functional forms used to describe preferences and technology support balanced -growth path equilibria. Hence, without loss of generality, I present only the specification for the detrended model where all quantity variables (except employment) and wages are divided by the state of technology.
c k represents the purchases of consumption goods by the representative capitalist and i his investment in capital goods. b are public bonds, k capital goods, r b and r are the real rate of return of public bonds and capital respectively. x is the gross growth rate of technological progress, β is the subjective discount factor, and δ is the rate at which capital depreciates. ls are lump-sum transfers and τ k is the tax rate on capital income. Income from public bonds is not taxed, depreciation allowances are zero, and there are no costs for installing new capital. Maximizing (1) subject to the constraints (2) and (3), simplifying and rearranging terms gives equations (4) and (5).
Workers' utility depends on consumption of private goods: U = log(c wt ). I follow Gali, LopezSalido, and Valles (2003) and assume that, in each period, a worker spends all his disposable income on private consumption. Workers can be employed in the private or public sector, or they can be unemployed. If employed in the private or public sector, they offer inelastically one unit of labor, and receive the wage rate w p and w g , respectively. If they are unemployed, they receive a subsidy u from the government. Labor income is taxed at a rate τ N , unemployment benefits are not taxed. 5 In the benchmark model, workers don't receive lump-sum transfers; this assumption is relaxed in section 4.3.
The following equations describe the consumption level of the three types of workers.
c ut = u t (8) Workers are randomly assigned to the private or public sector or to the unemployed pool. Workers in the private or public sector do not have different skills, nor jobs have different characteristics that affect preferences. The model assumes that workers receive a different salary in the two sectors. Workers are ex-ante identical. They become ex-post heterogenous, once the level of employment in the private and public sector is fixed, because they receive a different income according to their status. 6 The labor force is organized in unions.
The private sector
The labor market structure in the private sector is taken from Maffezzoli (2001) . In a nutshell, workers can sell their labor to only one firm at a time and each firm can hire from a pool of infinitely many workers. Workers are organized into a firm-specific trade union. Unions act as monopolists in the labor market and unilaterally set wages at the firm level. 7 They maximize the expected present discounted value of their members' utility taking firms' labor demand and workers' reservation utility as given. 8 6 For simplicity, the paper assumes that there is no mobility of workers between private and public sector firms. Algan, Cahuc, and Zylberberg (2002) and Forni and Giordano (2003) rely on the same assumption to justify the difference of private and public sector's wages. 7 It is well known that the monopoly union model does not lead to an efficient wage -employment outcome. The literature has often used this model for its simplicity. In particular, when one wants to study the effects of fiscal policy in non competitive labor markets, the monopoly union model simplifies the analysis and gives results that qualitatively do not differ from those that one can obtain in a model in which unions and firms bargain over the wage and the employment level. See, for example, Alesina and Perotti (1997b) for a discussion on monopolistic union models versus alternatives. 8 In Maffezzoli (2001) unions are risk neutral and maximize the expected present discounted value of labor incomes.
Also, unions act as a substitute for a competitive insurance market and sell actuarially fair insurance to their members. In this way, agents can insure against the risk of being unemployed, and, in equilibrium, the marginal utility of consumption
Unions are large at the firm level, but they are small compared to the size of the economy and hence, it
is not unreasonable to assume that unions also take the rental price of capital and fiscal policy variables as given. Maffezzoli (2001) shows that unions can be aggregated into a representative union facing a representative firm. Also, under the assumption that pre-commitment is ruled out, the union and the firm cannot credibly commit to a sequence of future wage rates and of future demand for capital. Hence, the union and the firm effectively solve a sequence of non-cooperative dynamic games and employment in the private sector, the wage rate of private sector employees and the capital stock are determined period by period. The optimal solution of the union and firm problem is a Nash equilibrium for the game.
This set-up gives a somewhat simplified picture of the wage setting procedures in OECD countries.
In particular, the model delivers the result that unions do not internalize the effect of the wage rate on aggregate variables. This is due to the fact that firms and unions cannot precommit, that unions operate at the firm level and are small at the economy level, and that they take the rental price of capital, members' reservation utility, and fiscal policy variables as given. Calmfors and Driffil (1988) Firms produce a homogeneous consumption good with capital and labor, taking prices as given. In for employed and unemployed households are equalized. This allows to aggregate employed and unemployed households members into a representative household. In the present paper, unions do not need to perform this addtional task because agents are heterogeneous and heterogeneity is needed to study the effect of fiscal policy shocks on income distribution.
order to take into account that services produced by public employees can influence the productivity of labor and capital, I follow Barro (1990) and modify a standard Cobb-Douglas production function as follows:
where Y represents aggregate output, K the aggregate capital stock, 9 N p the number of workers employed in the private sector, SG public services, a the capital share, and ϑ measures the productivity of public services in the production of private goods.
In the set-up just described, the representative firm demands labor and capital according to the marginal productivity rule.
The union chooses w p to maximize:
subject to equations (9) and (10) and taking the rental price of capital, fiscal policy variables and members' reservation utility as given.
U
A is the expected utility unions members receive when they are not employed in the private sector (i.e.: members' reservation utility), N w is the total number of workers (by assumption equal to unions' 9 The aggregate capital stock is the sum of the capital stock that each capitalist of this economy accumulates. Hence, 
Thus, the equilibrium gross wage rate in the private sector, w p , depends on workers' expected utility when they are not employed in the private sector, U A , and on the tax rate on labor income, τ N .
A is the weighted average of workers' utility if employed in the public sector and if unemployed (conditional on not being employed in the private sector), with weights equal to the probability of being employed in the public sector and of being unemployed:
where, in equilibrium,
Ceteris paribus, an increase in public employment, N g , increases the probability of workers being employed in the public sector and decreases the one of being unemployed. If unemployment compensations, u, are lower than the after-tax wage in the public sector, w g (1 − τ N ), unions' members reservation utility increases, leading to higher wages in the private sector. Similarly, an increase in w g (or in u) has a ceteris paribus positive effect on w p , because it raises workers' expected utility of not being employed in the private sector. A ceteris paribus increase in the tax rate on labor income, τ N , has, instead, two opposite effects on w p . On the one hand, the increase in τ N reduces the net wage of the worker, leading to an increase in the pre-tax real wage faced by the employer. On the other, it reduces the after-tax wage of a public sector worker, decreasing workers' reservation utility and moderating unions' wage demand. Differentiating (13) with respect to τ N , however, one can show that the first effect dominates. Hence, wages for private sector workers increase in response to a ceteris paribus increase in τ N too.
The government
The government hires public employees N g and produces services SG according to the production function SG t = N η gt . For simplicity, in the benchmark model, public services do not affect the productivity of labor and capital used by private sector firms (i.e.: ϑ = 0 in (9)). Thus, public employment related expenses are a pure waste as in Finn (1998) . In section 4.1, I relax this assumption and public employees produce services that have a positive effect on private production (i.e.: ϑ = 0 in (9)).
Wages for the public sector employees, w g , are exogenous in the benchmark model. The paper assumes that the government unilaterally fixes them. In most countries, wages in the public sector are the outcome of negotiations between governments' officials and public employees' unions. The assumption that w g is exogenous is a shortcut to simplify the theoretical framework. As shown in section 4.2, the qualitative nature of the results of the benchmark model holds when we allow unions to set wages in the public sector.
11 11 The literature has followed different approaches in modeling the wage setting practices in the private and public sector.
Calmfors and Horn (1986) introduce public employment in a monopolistic union model, but they assume that the union chooses the same wage rate for workers in the public and private sector and that labor is the only factor of production.
Holmund (1997) allows for different wages, but he models the wage bargaining between unions, firms and the government in
The government also purchases goods from the private sector, pays lump-sum transfers and unemployment subsidies. It finances its expenditures by taxing labor and capital at the rates τ N and τ k respectively and by issuing debt. Equation (16) describes the government budget constraint:
where B is the aggregate stock of public debt the government issues (B = bN k ) and L S is the total amount of lump-sum transfers. In the benchmark model, the government pays lump-sum transfers only to capitalists, hence L S = ls N k . 12 It is useful to assume that the government fixes the purchases of goods as a share of output, (G t = g t Y t ), public employment as a share of total population, gives some support to the assumption that government wages and employment are exogenous. However, the strength and robustness of this evidence is ultimately an important empirical question that this paper does not address. 12 Section 4.3 investigates the implication of this assumption.
Finally, in each period, the law of motion for the aggregate capital stock
and the economy's resource constraint hold.
where I represents aggregate investment and K is the aggregate stock of capital.
Solving the model
The sequence of endogenous quantity and price variables (4) - (8), (10), (15), and (11)), equations (9), (16) - (18), the sequence of the exogenous variables {τ Nt , τ kt , N gt , w gt , u t , g t , ls t }, and the initial values of the predetermined ones {b t , k t } define the equilibrium of the model economy. Numerical solutions of changes to the exogenous fiscal policy variables involve the computation of the long-run, balanced-growth path equilibria before and after the change occurs and of the transitional dynamics between the two steady-state equilibria. Equations (4) - (10) and (15) - (18) lump-sum transfers so that the no-Ponzi game condition holds affects only public debt's time path. 15 The equations defining the balanced-growth path equilibrium, the simplified set of equilibrium conditions, and the loglinearized system of difference equations used to determine the solution for the endogenous variables are available upon request.
Welfare analysis
To compute the welfare cost of a particular policy, the paper follows Ohanian (1997) and calculates the additional level of consumption to give to each agent of the economy so that his utility obtained with the policy change equals that in the pre-policy change case. More specifically, the paper finds the value of ξ i that satisfies the following equation:
where: U i0 is defined as the utility level in the pre-change scenario
of agent i at the time and after the policy change, i refers to the representative capitalist, employee of the private sector, employee of the public sector and unemployed worker, and J = 200.
The paper also computes welfare costs for a "hypothetical" worker (i.e.: a worker who does not know if she will be employed in the private or public sector or if she will be unemployed) and a "hypothetical" household (i.e.: an agent who can be a capitalist with probability N k or a worker with probability N w ). 16 Table 1 shows the parameter values used to calibrate the model at a yearly frequency. The calibration of the values for the technology and preferences' parameters follows the literature and sets α = 1/3, δ = 0.1, and β = 0.98. In the benchmark model, ϑ = 0 and the remaining parameters are the unweighted 16 This implies finding the value of ξ that solves the following equations: (i)
Calibration
average data of ten European countries (Belgium, Finland, France, Germany, Italy, the Netherlands, Norway, Spain, Sweden, United Kingdom) in the period 1965 -1995. Section 4.4 calibrates the model using US data in the same period. Tax rates on labor and capital income are from Daveri and Tabellini (2000) and Daveri and Maffezzoli (1999) who provide an update of the series by Mendoza et al. (1994) .
The other data are from the OECD Economic Outlook no. 62.
The benchmark model sets the tax rate on labor income, τ N , at 36.67% and the one on capital income, τ k , at 32.09%. The value of public employment as a share of the labor force, N g , and the wage premium between wages in the private and public sector, w g , are equal to 16.76% and 112.42%, respectively. The replacement rate, u, is the ratio of per-capita transfers to the compensation workers in the private sector receive and it is equal to 25.17%. Government spending for final goods as a share of GDP, g, is equal to 5.70%. In the initial steady-state, I set lump-sum transfers so that the initial value of the debt-to-GDP ratio is equal to 50.36%, the average value of the ten European countries between 1965 and 1995. I keep lump-sum transfers constant at this value for 100 periods. Then, I adjust them to ensure that the no-Ponzi game condition holds. 17 The average real per-capita growth rate of output is equal to 2.41%. Total population is normalized to 1 and N w and N k are equal to 83.27% and 16.73%
respectively, where 16.73% is the average value of the ratio of self-employed workers to the labor force 17 Lump -sum transfers from t = 1, ....J are set to satisfy the following equation:
where variables at t = 0 assume the value in the pre -policy change balanced -growth equilibrium, T 1 = 100, and
in the ten European countries between 1965 and 1995. 18 Section 4.4 checks the robustness of the results to the parameters used to calibrate the model. 19 The ratio of employment in the private and public sector to the labor force is 77.33% and the unemployment rate is 5.92%. Thus, the model implies a lower capital-to-output ratio and employment rate and a higher unemployment rate, but it fits well the data of private investment and private consumption. In fact, in the model, the ratio of consumption-to-GDP is the residual component of the national income identity since public investment and net export are zero by assumption. 18 I measure the number of capitalists in the economy using the fraction of the population in the ten European countries that does not receive any dependent labor income. The qualitative nature of the results does not change if I calibrate the model setting, for example, N k equal to 33%, where 33% is the average value of the profits-to-GDP ratio in the ten European countries between 1965 -1995. 19 19% includes the ratio of non-wage government spending as a share of GDP (g in the model) that is equal to 5.7% in the data.
Policy experiments
The paper analyzes the effects of a permanent, unanticipated, debt-financed 1% increase of each of the exogenous fiscal policy variables, keeping the others fixed at their initial level. The paper simulates the model for 200 periods and gives data as percentage deviations from the pre-policy change balanced-growth equilibrium for all variables except the ratios of public debt, primary deficit, primary expenditure and revenues to GDP. I express the latter as percentage points deviations. Impact effects correspond to changes at the time of the increase in the fiscal policy item. Long-run effects measure deviations between the pre and post-policy change balanced-growth equilibria.
Effects on the macroeconomy
This section looks at the effects of fiscal policy changes on employment, capital accumulation and output. It discusses the principal channels through which fiscal policy instruments influence the macroeconomy in the monopoly union model, highlights the similarities and differences in the transmission mechanism relatively to a model with perfect competitive labor markets and summarizes the results of the numerical simulations.
Columns 1 and 2 of Table 3 (and the first four charts of Figure 1) show the impact and long-run effects of a 1% increase of government consumption, g. An increase in g reduces resources available to the private sector. This generates a negative wealth effect that crowds out capitalists' consumption. As in a standard neoclassical model with inelastic labor supply, the increase in g does not have any effect on the supply-side of the economy, neither on impact nor in the long-run, because, by assumption, government consumption of goods does not influence workers' utility. In addition, unions are small and operate at the firm level taking the rate of return on capital as given. Hence, employment in the private sector does not depend on g, and output and the capital stock remain unchanged.
In a model with elastic individual labor supply, employment in the private sector, output and investment change following a shock to g. However, the direction of the changes depends on the elasticity of the individual labor supply, on how government spending is financed (lump-sum versus distortionary taxation), on the time path of taxes and on the persistence of the spending shock. 20 The negative effect of the increase of government consumption on aggregate consumption, instead, holds in a model with elastic labor supply when this model is calibrated using plausible parameters' values. In fact, as Fiscal policy has non zero effects on the economy through the labor market and the supply-side when it involves changes in public employment, public wages and unemployment benefits. Let's consider first public employment (see columns 3 and 4 of Table 3 and the first four charts of Figure 1 ).
An increase in public employment affects the fall-back position of the private sector union. Union members' reservation utility increases as the probability of finding a job in the public sector goes up. 20 For example, Ardagna (2001) shows that in response to a debt-financed increase in g (as the experiment considered in this section), the negative wealth effect generated by the fiscal shock leads to a derease in households' consumption and to an increase in the supply of hours of work, assuming that both consumption and leisure are normal goods. Employment in the private sector, output and investment increase on impact. Given that the level of the capital stock is fixed at the time of the policy change, the capital-labor ratio decreases, leading to a lower wage rate and higher rate of return on capital. Over time, the capital stock increases, driving the capital-labor ratio up. In the new long -run balanced growth equilibrium, the capital-labor ratio, hence w and r, is back to its initial value. Output, employment, and the capital stock are higher than in As a result, private sector unions push up their wage claims and private sector employment falls by 0.55% on impact. Due to the fact that firms and unions cannot precommit, that unions operate at the firm level and are small at the economy level, and that they take the rental price of capital and fiscal policy variables as given, employment in the private sector depends only on fiscal policy and technology parameters. Hence, N p converges to the new steady-state value immediately as public employment increases. 21 The level of the capital stock is fixed at the time of the policy change. As employment falls, the capital-labor ratio increases and the rate of return on capital decreases. Output in the first period of the transition is lower than its value in the initial steady by 0.37% and investment decreases too. As investment decreases, the capital stock falls, further reducing output. But, as capital decreases, its rate of return goes up. In the new steady-state, w p and r are back to their initial values. Output, employment in the private sector, and the capital stock are lower than in the pre-policy change equilibrium. Also, the increase in public employment does not compensate for the decrease in private employment and unemployment increases as well. , an increase in public employment has similar qualitative effects 21 The equation for employment in the private sector can be obtained substituting equations N gt = N gt , w gt = w gt w pt and u t = u t w pt in equation (15) . Solving for N pt , we obtain
on macroeconomic variables. However, the propagation mechanism of the shock is different from the one just described. In a competitive labor market model, the increase in public employment and the negative wealth effect associated with it lead to a decline of consumption and leisure assuming that both goods are normal. Labor supply increases, but the increase in the supply of hours of work only partially matches the increase in N g . There is a shift of labor out of the private and into the public sector. This generates the decrease in employment in the private sector which triggers the fall in investment, output and the capital stock.
Let's now turn to the effects of a 1% increase in public employees' wages and unemployment benefits (see columns 5-8 of Table 3 and the first four charts of Figure 1 ). Changes in these policy variables have the same qualitative effect of changes of public employment and the shocks are transmitted via the same channel. In fact, when w g and u increase, the expected income workers receive if they are not employed in the private sector goes up. Hence, union members' reservation utility increases and so does the union's fall-back position. This leads to the same results illustrated for the case of a surge in public employment.
22
Columns 9 and 10 of Table 3 (and the first four charts of Figure 1) show the impact and long-run effects of a 1% increase in labor income taxes, τ N . Once again, the fiscal shock affects employment, output, investment and the capital stock through the same channel identified in the case of an increase in public employment, wages of public sector workers and unemployment benefits. Quantitatively, however, note that the effects from a 1% increase in τ N are smaller than the ones from a 1% increase in 22 In perfect competitive labor market models, it is not possible to analyze the effect of changes in unemployment benefits.
In a model with perfect competitive labor markets one can introduce transfers to leisure and interpret them as unemployment benefits compensations. Note that changes in such transfers would have the same qualitative effects (but with the opposite sign) of changes of labor income taxes.
N g , w g , and u. Also, it is important to note that, contrary to a standard neoclassical model with perfect competitive labor markets, the response of macroeconomic variables to changes in labor taxes does not depend on the elasticity of substitution of the individual labor supply. In a standard neoclassical model, the income and substitution effects work in opposite directions: the first leads to a decrease in leisure, the second generates an increase in L when labor taxes increase. Hence, the response of the supply of hours of work and the equilibrium of the economy depend on the relative strength of the two effects and a 1% increase in τ N generates consequences similar to those of the monopoly union model if the substitution effect dominates. However, Dotsey (1994) and Ludvigson (1996) show that, for this to happen, the individual labor supply has to assume very high, and probably, unrealistic values. 23 Finally, an increase in the capital income tax rate reduces the net of tax return on saving, leading to an increase in capitalists' consumption at the time of the policy change. However, on impact, τ k does not affect employment in the private sector. Given that the level of the capital stock is fixed at the time of the policy change, output, the capital-labor ratio, hence, r and w p , do not change. Workers' consumption does not vary as well, because their disposable income remains at the initial value. Driven by the increase in capitalists' consumption, total private consumption increases by 0.17% on impact and aggregate investment decreases by 0.67%. Over time, the decrease in saving and investment reduces the capital stock and output and it decreases the capital-labor ratio. In the new balanced-growth path equilibrium, r is higher and w p is lower than in the pre-policy change case. As in the case of g, in this model, both the qualitative results and the propagation mechanism are similar to those of a standard neoclassical model.
Effects on public finances
The second part of Table 3 (and the fifth and sixth charts of Figure 1) show that the largest deterioration in public finances occurs when wages of the public sector employees or the number of public sector workers increase, while an identical percentage rise (1%) in unemployment benefits or public consumption has a smaller effect. Increases in labor and capital tax rates reduce primary deficit and public debt and changes in labor tax rates have larger effects than changes in capital tax rates. It is interesting to note that the change in primary deficit and public debt following a 1% change in the capital tax rate is lower, in absolute value, than the change in any spending item except government consumption.
Hence, the model suggests that the most effective measures to improve the stance of public finance are decreases in public employment, wages of public sector employees, and unemployment benefits and/or increases in labor tax rates. Changes to government consumption and tax rates on capital income seem to play only a minor role. Note that these predictions of the model are somewhat consistent with empirical literature on fiscal consolidations, which suggests that fiscal consolidations focusing on cuts to the government wage bill and welfare payments are more likely to permanently reduce the stock of public debt (see, for example, Alesina and Ardagna (1998)) and Ardagna (2004)).
Effects on welfare and income distribution
What is the effect of various changes in fiscal policy on income distribution? Let's begin with the welfare effects due to a 1% increase in public employment (see columns 3 and 4 of Table 3 ). As discussed in section 3.1, the wage rate of private sector employees, w p , increases. Because income of public sector and unemployed workers is linked to w p , income, consumption, and utility of all types of workers increase in the short-run. However, in the new steady-state equilibrium, workers' utility converges to its value before the increase in N g because the wage rate goes back to its pre-policy change level. Note that, even though life-time utility of a public and a private sector employee and of an unemployed worker increases, welfare of a "hypothetical" worker, (i.e.: a worker who does not know if she will be employed in the private or public sector or if she will be unemployed), decreases. In fact, although the probability of being employed in the public sector increases with N g , the probability of being employed in the private sector decreases and the one of being unemployed increases because the increase in N g generates a decrease in N p and an increase in unemployment. This outweighs the positive effect of the higher wage rate on workers' welfare and the expected lifetime utility of a "hypothetical" worker goes down. Income inequality, measured by the change in the Gini coefficient, decreases in the short-run. However, it is higher in the post-policy change equilibrium than in the pre-policy change one. 24 Effects on welfare and income distribution due to a 1% increase in public employees' wages and in unemployment benefits are similar to the ones following a 1% increase in public employment. The only exception is the increase in income inequality occurring at the time of the increase in w g . Welfare costs due to a 1% increase in labor taxes differ among agents. Among workers, the unemployed are the only ones who gain from the increase in labor taxes. Their disposable income goes up on impact, because unemployment subsidies are tied to the wage rate in the private sector and because they are 24 Table 1 shows that public employment has sharply increased since the mid-sixties. One of the arguments in the literature to explain this trend suggests that governments use public employment to redistribute resources across groups or geographical regions and that the size of redistribution through this channel is large. For example, Alesina et al. (1999) argue that about one half of the wage bill of Southern Italy can be seen as a pure transfer from the North. In the model, public employment redistributes resources from capitalists to workers. However, as discussed, the model suggests that this policy benefits workers and decreases income inequality only temporarily.
tax-exempt. Welfare of private sector and public sector workers, instead, decreases both on impact and in the steady-state, since the increase in the wage rate is smaller than the one in taxation and, thus, consumption decreases. Workers' aggregate consumption goes down as well. By contrast, more resources are available to capitalists whose consumption and utility increase. The Gini coefficient goes up on impact, but, in the long-run, it decreases by 1.5%. Finally, a 1% increase in capital taxes generates an increase in capitalists' consumption and utility because, as explained in section 3.1, capitalists' saving decreases due to the fall in the net of tax return on saving. Workers' consumption and utility, instead, decrease along the transition path and the new steady state due to the permanent reduction in w p . Income inequality decreases in response to an increase in the tax rate on capital income.
In summary, increases in government employment, unemployment benefits and wages of public sector employees hurt capitalists but increase life-time welfare of each type of worker. The opposite occurs when tax rates increase. However, if we consider that fiscal policy also changes the probability of being employed and that workers are ex-ante identical (hence, in each period they can be either employed or unemployed), their expected life-time utility decreases even when N g , w g , and u increase.
Thus, these measures generate a welfare cost for a "hypothetical" worker too.
Sensitivity and extensions
This section discusses some sensitivity analysis and extensions to the benchmark model. First, I allow public employment to influence the productivity of private production. Second, I introduce unions in the public sector and endogeneize the choice of public employment and government wages. Third, I
relax the assumption that only capitalists receive lump-sum transfers. 
Productivity of public services
In order to take into account that services produced by public employees can influence the productivity of labor and capital used by firms in the private sector, I relax the assumption that ϑ in (9) Changing the parameter λ has effect on the percentage deviation from the initial steady state of employment in the private sector, capital, output, total private consumption, public debt, primary deficit, utility of the different agents, and the Gini coefficient. 25 As expected, the negative effect on the macroeconomy is smaller if public employment contributes to the productivity of private employment and capital. Ceteris paribus, we obtain the same qualitative results than in the benchmark model (i.e.: a negative effect on economic activity following an increase in N g ) if λ is smaller or equal to 0.58. For λ greater than 0.58, instead, a 1% increase in N g leads to an increase in private sector employment, capital, output, and total private consumption. Results about the effects of changes of fiscal policy variables except public employment do not depend on the assumption about the productivity of public workers. To my knowledge, there are no papers that calibrate the productivity of public workers. Finn (1998) considers a model in which public capital affects the production of private goods, and fixes the parameter that measures the productivity of public capital in the production function to about one half of the parameter that measures the productivity of private capital. Using the same criteria and setting λ equal to 1/3, results of the benchmark model still hold.
Endogenous choice of public employment and government wages
To endogeneize the choice of public employment and government wages I model the public sector along the lines of the private sector and allow monopoly unions to unilaterally set wages of public sector workers at the firm level. As unions in the private sector, public sector unions are large at the firm level, but they are small compared to the size of the economy and they cannot credibly commit to a sequence of future wage rates. Hence, in each period, public sector unions maximize utility of their members taking public sector firms' labor demand, workers' reservation utility, the rental price of capital and fiscal policy variables as given. Moreover, I assume that hiring decisions in the private and public sector happen simultaneously and that each sector takes employment and the wage rate of the other sector as given. Hence, private and public sector unions set wages non-cooperatively. Algan, workers' wage bill. Hence, a higher value of signals that public sector firms value N g and/or w g more than profit maximizers' firms. 26 In this set-up, public sector firms' optimal demand of labor is: (20) The public sector union chooses w g to maximize
subject to public sector firm's labor demand and taking the rental price of capital, fiscal policy variables and members' reservation utility as given. Note that
measures the probability of being employed in the public sector and U A is the expected utility unions members receive when they are not employed in the public sector (
). The first order condition for the public sector union problem is similar to (12) and in equilibrium the wage of government sector workers is:
Relatively to the benchmark case in section 3, the equilibrium of the economy also includes equations (20) and (21) among the first order conditions, N gt and w gt among the endogenous variables, and and η among the parameters to calibrate. To simulate the effect of a permanent, unanticipated, debt-financed 1% increase of each of the exogenous fiscal policy variables {τ Nt , τ kt , u t , g t } and of the parameter , I follow the same steps described in section 2.2. Note that a 1% increase in the value of the parameter that measures the extent by which governments care about their workers' wage bill has effects similar to those generated by changes in N gt and w gt in the benchmark economy even though endogenous variables' response to the shock is mitigated.
In response to a 1% increase in , public employment increases by 0.18% and, at the same time, wages in the government sector decrease by 0.008%. This reduces the extent by which wages in the private sector increase and employment in the private sector decreases. However, the magnitude of the changes in response to an increase in are increasing in the value of the parameter and the response of the economy is quite large if, for example, = 0.25. While this set of results is clearly only a first step to understand much more complex relations among wage negotiations in the private and public sector, their interactions and the effects on the macroeconomy, evidence offered in Table 4 and Figure   3 is encouraging. In fact, results of the benchmark economy hold when the public sector labor market is modeled along the same lines of the private sector.
The effect of governments' decisions on how to balance the budget constraint
The In the modified model, consumption of the three types of workers depends also on lump-sum transfers (c pt = w pt (1−τ Nt )+ls t , c gt = w gt (1−τ Nt )+ls t , c ut = u t +ls t ) and, hence, unions objective function changes as well. As a result, equation (15) becomes equal to: log(
, and the government budget constraint is equal to: Table 5 shows the extent by which results in Table 1 change following the change in the model's structure. Interestingly and contrary to the benchmark model in section 3, changes to government consumption of goods and services and changes in tax rates on capital income affect the macroeconomy also through the labor market. In fact, changes in these budget items require changes in lump-sum transfers which, in turn, affect private wages unions demand and private sector employment. Consider, for example, columns (1) and (2) . A 1% increase in g leads to a decrease in lump-sum transfers of 0.48% on impact and in the long-run. The decrease in ls t affects income of the private sector worker and their fall-back options. As a result, private sector unions push up their wage claims and private sector employment falls by 0.03% on impact. The level of the capital stock is fixed at the time of the policy change. As employment falls, the capital-labor ratio increases and the rate of return on capital goes down. Output in the first period of the transition is lower than its value in the initial steady by 0.03% and investment decreases too. As investment goes down, the capital stock falls, further reducing output. But, as capital decreases, its rate of return goes up. In the new steady-state, w p and r are back to their initial values. Output, employment in the private sector, and the capital stock are lower than in the pre-policy change equilibrium and such policy change implies a welfare cost for all agents of this economy. In summary, changes in ls t induce similar qualitative responses that changes in N gt , w gt , u t , τ Nt have in the benchmark model.
Columns (3)- (8) show the effect of a 1% increase in N gt , w gt , u t . Given that changes in these fiscal policy variables lead to a decrease in lump-sum transfers and that lump-sum transfers operate in the economy through the same channels as changes in N gt , w gt , u t , the effect on the macroeconomy is amplified. In fact, private sector unions demand higher wages both because N gt , w gt , u t increase and because ls t decreases. 27 Instead, when taxes on labor income increase, lump-sum transfers increase as well and the two policy changes have opposite effects on unions' objective function: the increase in τ Nt tends to push unions' wage claims up, the increase in ls t tends to push unions' wage claims down.
Columns (9) and (10) show that the latter effect dominates. Hence, results are completely reversed from those in the benchmark model.
Summarizing, results discussed in section 3 depend on the assumption that lump-sum transfers are paid only to capitalists. Our previous conclusions concerning the effect of changes in public employment, wage of public employees and unemployment benefits strengthened if the government pays lump-sum transfers to workers too. Instead, in response to an increase in tax rates on labor income, results are the opposite of those in the benchmark model. In the framework of this model, this is due to the assumption that workers consume all their income in each period, and hence, changes in lump-sum transfers affect workers' consumption and equilibrium allocations.
Fiscal reforms in different time periods and countries
The qualitative nature of the results does not change when I use the smallest values of the fiscal policy variables across the European countries in the sample in calibrating the benchmark model. The magnitude of the changes obviously differs and it is increasing in the level of the fiscal policy variables: a 1% increase in policy instruments has a lower impact on the macroeconomy, public finances, welfare and income inequality when I calibrate the model using the smallest values of the fiscal policy variables 27 Note that the magnitude of the results in Table 5 is not directly compared with that of results in Table 1 . In fact, not only the final steady state values of the endogenous variables are different but also the initial steady state values differ due to the absence of ls t in equations (6), (7), (8) , and (15) of the benchmark model, and the difference in the government budget constraint in the two models.
than when I use the average values over all sub -periods.
I also checked whether the effects of each policy shock differ across time periods, calibrating the model with data in the years 1965 -1970 and 1991 -1995. As Table 1 shows, the values of all fiscal policy variables, except the ratio of wages in the public and private sector, increase over time, while the real per capita growth rate and the ratio of self-employed workers to the labor force decline. Results are similar to those in the benchmark model and they are stronger when I use the most recent data.
Hence, ceteris paribus, the effect of a fiscal reform implemented between 1991 and 1995 is larger than that which the same reform would have had should it had taken place between 1965 and 1970.
Finally, I calibrate the model using US average data over the period 1965 -1995. 28 Table 6 shows the results. Both the impact and the steady state effect of a 1% increase in public employment, wages of public sector employees, unemployment benefits and labor taxes are smaller in the US than in Europe, while the opposite occurs when tax rates on capital income increase. These results are due to the fact that all fiscal variables, except tax rates on capital income and the ratio of government consumption to GDP, are lower in the US than in Europe.
Differences in economic policies are often blamed for differences in the macroeconomic perfor- were, on average, set equal to those in the US? Figure 4 plots the response of the economy to this change in fiscal policy. 29 I calibrate the initial steady state equilibrium using average data of the Eu-ropean countries in the sample and the final one with the averages of the US data. At the time of the policy change, employment in the private sector and output increase by 18% and 12%, respectively. In the long -run, they are 18% and 9% higher than in the pre -policy change equilibrium. The capital stock decreases by 7% in the steady state. All agents in the economy, except the unemployed workers, benefit from the policy shift and income inequality substantially decreases. 30 Finally, public finances improves leading to a decline in the debt-to-GDP ratio.
How do these results compare with actual data? Using series from the OECD Economic Outlook from 1965 to 1995 for real output, real capital stock in the business sector, employment in the private sector, population, and purchasing power parity (PPP), I calculate real output, real capital stock in the business sector and employment in the private sector (in PPP value) as a share of population and I average them both across the ten European countries in Table 1 and in the US. I, then, compute the percentage change in per capita output, capital stock and employment in the private sector between the average values in Europe and in the US. Interestingly, results discussed above match the data pretty well (see Table 7 ). In fact, on average, over the period 1965 -1995, real per capita income, and employment in the private sector as a share of population were 48% and 22% higher in the US than in Europe, while the capital stock was 23% lower in the former country than in the latter. In the model, these numbers are 9%, 18%, and -7%. Hence, ceteris paribus, the model can explain 19% of the difference between 30 Note that the experiment implies a decrease in public employment, wages of public sector employees, unemployment benefits and labor taxes and an increase in tax rates on capital income and government consumption. As discussed in section 3.3, income inequality goes up in steady state when spending on welfare and government employment increase because of the negative effects these changes have on employment, while it goes down when tax rates raise. Hence, in this experiment, the effect on inequality of lower spending and higher capital tax rates more than compensate the one due to a decrease in labor taxation.
Europe and the US in real per capita income, 31% of the difference in the capital stock, and about 100% of the difference in private sector employment. Considering that we are explaining long -run values only in terms of differences in fiscal policy and that we are disregarding many variables that are important determinants of long -run growth and standard of livings, results look quite encouraging.
Also, it is interesting to note how fiscal policy changes have a greater power in explaining differences in employment rates. As a matter of fact, there is quite a large literature that explains differences in structural unemployment between the US and Europe in terms of differences in generosity of the welfare state, labor taxation and flexibility of the labor market.
Conclusions
This paper studies the effects of fiscal policy on economic activity, welfare, income distribution, and public finances in a dynamic general equilibrium model with a unionized labor market. The paper shows that, in response to a debt-financed increase in public employment, wages of public sector employees, unemployment benefits, and labor taxes unions demand higher wages. As a result, employment in the private sector and the capital stock fall and the economy contracts. The paper also suggests that policies that redistribute income in favor of one type of workers can damage workers as a group.
In fact, the benefit that the targeted group receives from higher disposable income can be more than compensated by the cost due to the effect that fiscal policy has on the employment rate. Simulations
show that debt-financed increases of public employment, public wages and unemployment benefits increase workers' utility relative to the pre-policy change equilibrium during the transition, but not in the long-run. Instead, workers' utility decreases at any time horizon when labor taxes increase. Capitalists always benefit from increases of taxes on labor and capital income but their welfare decreases when 1965 -1970 1971 -1975 1976 -1980 1981 -1985 1986 -1990 1991 -1995 Average 1965 -1995 1965 -1970 1971 -1975 1976 -1980 1981 -1985 1986 -1990 1991 -1995 Average 1965 -1995 Data are given as percentage deviations from to the pre -policy change balanced -growth equilibrium for all variables except debt/GDP, primary deficit/GDP, primary spending/GDP, and revenue/GDP which are percentage points deviations. Impact effects correspond to changes at the time of the increase in the fiscal policy item. Long -run effects measure deviations between the post and pre -policy change balancedgrowth equilibria. For Debt/GDP and Gini coefficient, the long -run effect corresponds to the percentage deviations of the two variables relative to the pre -policy change equilibrium twenty-five years after the policy change occurred. The welfare cost of a policy is computed as the percentage change in consumption needed to equate lifetime utility after the policy change to lifetime utility in the pre -policy change case Primary deficit: a positive change in the primary deficit means that the primary balance deteriorates with respect to its value in the pre -policy change balanced -growth equilibrium. Data are given as percentage deviations from to the pre -policy change balanced -growth equilibrium for all variables except debt/GDP, primary deficit/GDP, primary spending/GDP, and revenue/GDP which are percentage points deviations. Impact effects correspond to changes at the time of the increase in the fiscal policy item. Long -run effects measure deviations between the post and pre -policy change balancedgrowth equilibria. For Debt/GDP and Gini coefficient, the long -run effect corresponds to the percentage deviations of the two variables relative to the pre -policy change equilibrium twenty-five years after the policy change occurred. The welfare cost of a policy is computed as the percentage change in consumption needed to equate lifetime utility after the policy change to lifetime utility in the pre -policy change case Primary deficit: a positive change in the primary deficit means that the primary balance deteriorates with respect to its value in the pre -policy change balanced -growth equilibrium. Data are given as percentage deviations from to the pre -policy change balanced -growth equilibrium for all variables except primary deficit/GDP, primary spending/GDP, and revenue/GDP which are percentage points deviations. Impact effects correspond to changes at the time of the increase in the fiscal policy item. Long -run effects measure deviations between the post and pre -policy change balanced -growth equilibria. For Gini coefficient, the long -run effect corresponds to its percentage deviations relative to the pre -policy change equilibrium twenty-five years after the policy change occurred. The welfare cost of a policy is computed as the percentage change in consumption needed to equate lifetime utility after the policy change to lifetime utility in the pre -policy change case Primary deficit: a positive change in the primary deficit means that the primary balance deteriorates with respect to its value in the pre -policy change balanced -growth equilibrium. Primary deficit/GDP
